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The objective of this study was to quantify, size, and examine 
the composition of particulates found in ambient aerosolized dust of 
four large feedyards in the Southern High Plains. Ambient air sam- 
ples (concentration of dust) were collected upwind (background) 
and downwind of the feedyards. Aerosolized particulate samples 
were collected using high volume sequential reference ambient air 
samplers, PMlo and PM2.5, laser strategic aerosol monitors, cyclone 
air samplers, and biological cascade impactors. Weather parame- 
ters were monitored at each feedyard. The overall (main effects and 
estimable interactions) statistical (P < 0.0001) general linear model 
statement (GLM) for PMlo data showed more concentration of dust 
(pg/m3 of air) downwind than upwind and more concentration of 
dust in the summer than in the winter. PM2.5 concentrations of dust 
were comparable for 3 of 4 feedyards upwind and downwind, and 
PM2.5concentrations of dust were lower in the winter than in the 
summer. GLM (P < 0.0001) data for cascade impactor (all aerobic 
bacteria, Enterococcus spp, and fungi) mean respirable and non- 
respirable colony forming units (CFU) were 676 f 74 CFU/m3, 
and 880 f 119 CFU/m3, respectively. The PMlo geometric mean 
size ( f  GSD) of particles were analyzed in aerosols of the feedyards 
(range 1.782 f 1.7 p m  to 2.02 f 1.74pm) and PM2.5 geometric 
mean size particles were determined (range 0.66 f 1.76 p m  to 0.71 
f 1.71 pm). Three of 4 feedyards were non-compliant for the Envi- 
ronmental Protection Agency (EPA) concentration standard (150 
pg/m3/24 h) for PMlo particles. This may be significant because 
excess dust may have a negative impact on respiratory disease. 

INTRODUCTION 
Air quality is an important public issue for urban (Seinfeld 

2004) and rural populations (Schenker 1998). In recent years, a 
greater focus has been placed on agriculture industries, which 
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cause air and water pollution (Horrigan et al. 2002; Centner 
2001), and especially on concentrated animal feeding operations 
(CAFOs) (Centner 2003; Cole et al. 2000; Donham et al. 2002). 
Poultry, swine, dairy, and cattle CAFOs are becoming massive 
industries, many of which are owned by vertically integrated 
producer corporations (Mallin and Cahoon 2003). This industri- 
alization of CAFOs brings with it opportunities, challenges, and 
responsibilities. Opportunities exist for better economics and a 
higher profit margin. The challenges are to increase efficiency 
and reduce the environmental impact, and the responsibilities 
are to produce a superior product, provide a wholesome work 
environment for employees and animals, and to provide a pleas- 
ing industrial plant site which does not pollute the environment 
(air, water, or land). 

Aerosols of dust and odors are inherent with CAFOs. In 
the past, organic dust was considered a nuisance downwind 
(Sweeten et al. 1988); however, it may represent a potential 
health hazard to calves (MacVean et al. 1986) and humans 
(Seifert et al. 2003; Omland 2002). More attention is being paid 
to the size, composition, and quantity of these aerosol particles 
by federal and state regulators (Musick 1999). Specific regu- 
lations are in place for particles that are 10 p m  in diameter 
(Cleland 1998) and specific regulations are being proposed for 
2.5 p m  diameter size particles (Musick 1999; Lloyd 2002). The 
smaller dust particles, 2.5 pm,  can be inhaled deep into the 
alveoli of the lung. Recent epidemiological studies indicate that 
smaller ambient dust particles collected in urban centers occa- 
sionally appear to be associated with human mortality statis- 
tics (Dominici et al. 2000; Samet et al. 2000). Therefore, the 
size, concentration, and chemical composition of aerosolized 
particles generated by feedyards and other agricultural indus- 
tries needs to be characterized and reported. A review (Omland 
2002) established that farmers living in temperate zones can in- 
hale substantial amounts of organic dust that might lead to res- 
piratory disease and increased annual loss in lung function. In 
another review (Seifert et al. 2003), organic dust toxic syndrome 
(ODTS) was more likely to occur when higher concentrations 
and longer exposures to organic dust prevailed. Therefore, the 
analysis of feedyard dust has many interested parties (feedyard 
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owners and managers, veterinarians and nutritionists, neighbors plied oil which was replaced every 8 days, when the instrument 
and the general public, and public health officials and regulators) was cleaned. The RAAS air flow rate was maintained at 16.5 
who would like to review the scientific results obtained. There L/min and the instrument was recalibrated (RAAS Operators's 
is a need to determine if feedyard dust poses a potential health Manual, Section 8, 8-1-8-45, Andersen Instruments, Smyrna, 
hazard. GA) every 3 months. 

There are many sources for the generation of dust in feed- 
yards (Purdy et al. 2004), including, feed mills, loading and 
unloading of feed trucks, vehicle exhaust, unpaved roads, cattle 
activity in dusty pens, semi-arid conditions, and winds. Thus far, 
frequent removal of manure (Stalcup 2005) and wetting of the 
pens and unpaved roads with water have been the best solutions 
(Simpson 1970; Andre 1985; Carroll et al. 1974) for decreasing 
the ambient dust. Bacterial, fungal, and endotoxin concentra- 
tions have been reported (Purdy et al. 2004; Wilson et al. 2002) 
for Southern High Plains feedyards. The objectives of this study 
are to quantify, size, and examine the composition of particu- 
lates found in ambient aerosolized dust of four large feedyards 
in the Southern High Plains of Texas during an eight day time 
period in the winter and summer. 

MATERIALS AND METHODS 

Sample Populations . 
Four commercial feedyards (FY 1, FY2, FY3, and FY5) were 

used in the study. The feedyards were all within 100 krn of 
each other. Their capacity ranged from 45,000 to 175,000 cat- 
t l e / ~  (2000 Fed cattle survey, Southwestern Public Service Co., 
Amarillo, TX). 

Experimental ~ e s i ~ n '  
Air particulate collecting equipment was placed upwind and 

downwind in the four feedyards. The average distance between 
the upwind and downwind air monitors was approximately 1.05 
krn. Air monitors in the upwind or downwind position were 
placed 6 m apart. The position of the air monitors were placed 
6 m from the upwind and downwind boundary fences which 
contained the cattle. 

Independent Laboratory Analysis 
Feedyard dust, collected on PM2.5 and PMlo filters, was an- 

alyzed for size, shape, and chemical composition. This pro- 
vided an independent laboratory (Particle Technology Labs, 
Ltd., Grove, IL) control on the particle 'sizing capability of the 
PM2.5 and PMlo monitors' performance under feedyard con- 
ditions. In addition, the analysis for chemical composition of 
specific dust particles could give information on the source of 
the dust. The particle sizing was performed on an Elzone, model 
112 electrozone analyzer (Coulter technique) (Currently man- 
ufactured by Micromeritics Instrument Corporation, Norcross, 
GA). Electrozone analyzers are true particle counters and the 
data are reported in two formats, population count and mass 
concentration. The data are on a log basis as per- 
centiles, median, mean, and mode. Then they are presented at 
specific equal distant points (0.77 sigma intervals) for plotting. 
Count (number) and or mass data are tabulated according to 
channel number (l-128), size in microns at the channel, counts 
in channel, and the cumulative percentage of counts greater than 
or equal to the indicated micron size. Frequencies of occurrence 
(count) data are converted to mass concentration data through 
the use of a classic formula Volume = ~ d ~ :  where N is the num- 
ber of particles at a given diameter and d is the diameter of the 
particle cubed. Both volume and mass are used interchangeably 
since aparticle density of 1.0 is assumed. The total volume value 
may be thought of in terms of micrograms, and the percentages 
listed at specific size intervals allow one to calculate how many 
micrograms of material can be found at a specific size range. 

The elemental composition of the dust particles was subcon- 
tracted to another laboratory (R.J. Lee Group, Inc., Materials 
and Environmental Services, Mo~oeville, PA) that performed 
an energy dispersive spectroscopy (EDS) technique, which is 

Air Monitoring Instruments a chemical microanalysis technique performed in conjunction 
with a scanning electron microscope (SEM). This technique uti- 

Feedyard aerosolized particulates were analyzed by use of 
lizes x-rays that are emitted from the sample during bombard- 

high volume (1 m3/h) sequential Reference Ambient Air Sam- 
plers (RAAS-300 series). PMlo (Code of Fed. Reg. 1997, ap- 

ment by an electron beam. The EDS x-ray detector measures the 
number of emitted x-rays versus their energy. The energy of the 

pendix K) (two) and PM 2.5 (Code of Fed Reg.,1997, appendix 
x-ray is characteristic of the element from which the x-ray was 

L) (two) monitors .(300 RAAS series, Andersen Instruments, 
* 

emitted. Lateral resolution of about 1 pm is possible. The ele- 
Smyrna, GA.)are stand alone sampling systems that meet the 

mental composition is illustrated as spectral peaks on the SEM 
Federal Reference Method (FRM). Each filter (Whatman Fil- 

graphic scan plot of a specific dust particle. 1 

ter Device 2 pm PTFE, 46.2 mm, Cole Palmer, Vernon Hills, 
IL) was identified and its weight (accurate to 10 pg) recorded 
after 33% relative humidity equilibration. This was done prior Laser Strategic Aerosol Monitor (SAM) (TWO) 
to the filters' use and again after the collection of ambient par- "The laser aerosol monitor (SAM, Model 2005, PPM, Inc., 
ticulates. The PM2.5 WINS impactor (provides a 2.5 micron Knoxville, TN.), is a real-time, microprocessor based, electro- 
cut point) glass fiber filter (Whatman 934-AH 37 rnrn, Cole optical instrument providing mass concentration measures of 
Palmer, Vernon Hills, IL) was prepared with one drop of sup- particulate concentrations (expressed in pg/m3) and optionally, 
























